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MODIFIED BIODEGRADABLE POLYESTER MICROSPHERES FOR 
STABILIZING AND IMPROVING THE RELEASE PROFILE OF DRUGS 
ENCAPSULATED WITHIN THE MICROSPHERES 
Background of the Invention 



forms for drugs comprising peptides and proteins (Langer, 
R. Science 1990 249:1527-1533) . A wide range of protein 
drugs such as vaccines, enzymes, hormones, and growth 

10 factors are now commercially available in large amounts as 
human therapeutic agents due to the recent advent of 
recombinant DNA technology. Most of these protein drugs 
have a short half -life in vivo such that a cumbersome 
mult i -dose therapeutic treatment is required and controlled 

15 release technology could alleviate such a problem. This is 
especially true for insulin, since diabetic patients may 
require several injections of insulin per day to simulate 
the serum insulin profile of a healthy nondiabetic human 
(Chien, Y.W. Drug Development and Industrial Pharmacy 1996 

20 22(8) : 753-789) . A variety of degradable and nondegradable 
polymers have been utilized as matrices to incorporate 
protein molecules using conventional technologies available 
for small molecular size drugs . 



25 microencapsulate the protein molecules in injectable 
biodegradable polymer microspheres (Furr, B.J. A. and 
Hutchinson, F.G. J. Contr. Rel . 1992 21:117-128). As the 
polymer degrades, the protein diffuses out in a sustained 
manner through the enlarged pore channels over the desired 

30 period of time. These microencapsulated proteins can be 
self- administered parenterally , i.e. subcutaneously or 
intramuscularly, via a syringe . 

Among the various biodegradable polymers, poly(L- 
lactic acid) and its copolymers with D-lactic acid or 



5 



Recently, there has been a great deal of research 
focused on the development of controlled release dosage 



Thus far, the most reasonable approach developed is to 
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glycolic acid provide a wide range of degradabilities from 
months to years depending on their composition and 
molecular weight (Lewis, D.D. Controlled release of 
bioactive agents from lactide/glycolide polymer. In M. 
5 Chasin and R. Langer (ed.) Biodegradable Polymers as Drug 
Delivery Systems, Marcel Dekker, New York, 1990, pp:l-41). 
These polymers are known to be biocompatible and to cause 
minimal tissue reaction when implanted for long periods of 
time when used as surgical suture material. Recently an 
10 oligopeptide, LH-RH analog, was successfully encapsulated 
within biodegradable polymeric microspheres for a one-month 
^ therapy with a zero order release profile (Ogawa et al - 

=0 Chem. Pharm. Bull. 1988 36:2576-2588). However, as 

JJJ polymeric carriers for high molecular weight protein drugs, 

O 15 it is still questionable whether they provide a benign 

IjJ 

^ microenvironment for the encapsulated protein molecules. 

Q During microsphere formulation, the encapsulated protein is 

« often exposed to numerous unfavorable conditions such as 

Jp organic solvents and high speed vortexing to emulsify the 

o 

gt 20 internal aqueous phase. In addition, various molecular 

D deteriorations of the protein such as denaturation, 

aggregation, chemical degradation and adsorption onto the 
polymer surface may result from the creation of an acidic 
environment within the microspheres during polymer 

25 degradation. Thus far, there have been few systematic 
studies on protein stability issues associated with the 
protein encapsulation within poly (D, L-lactic acid-co- 
glycolic acid) microspheres. 

Instead, most studies have focused on protein release 

3 0 kinetics without examining the stability of encapsulated 
protein within the microspheres during storage and release 
(Cohen et al . Pharm Res. 1991 8:713-720; Alonso et al . 
Pharm. Res. 1993 10:945-953). In many release studies 
using microspheres, protein release kinetics is often 

35 unpredictable and uncontrollable. They commonly exhibit an 
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initial burst release followed by a very slow release over 
an extended period, and demonstrate incomplete release 
profiles at the end despite significant progress of polymer 
degradation, where aggregation within microspheres results 
5 in slow release of the enzyme carbonic anhydrase (Lu, W. 
and Park, T.G. J. Pharm. Sci. Tech. 1995 49 (1) : 13-19) . It 
has also been reported that degradation profiles of a 
protein, atriopeptin III, were different in solution and 
within microspheres (Johnson et al . J. Control Release 1991 
10 17:61-68). Further, human growth hormone has been reported 
to form dimers at a faster rate within PLGA microspheres as 
compared to in solution (Cleland et al . Pharm. Res. 1997 
14 (4) :420-425) . These studies suggest that the 
microenvironment in the solid polymer matrix is quite 
15 different from the bulk solution. Accordingly, protein 
stability issues must be taken into account when 
interpreting release kinetic results. 

It has now been found that the low pH microenvironment 
within a degrading microsphere is one of the major factors 
20 responsible for acid-induced degradation of 

microencapsulated proteins. Further, it has now been 
demonstrated that inclusion of a basic excipient such as 
sodium bicarbonate in biodegradable polymer microspheres 
significantly minimizes the degradation of unreleased 
25 protein within the microspheres by maintaining a near- 
neutral pH environment thereby resulting in an improved 
release profile. 
Summary of the Invention 

An object of the present invention is to provide 
3 0 modified biodegradable microspheres for encapsulation of a 
drug which comprise a biodegradable polymer and a basic 
excipient . 

Another object of the present invention is to provide 
a method of improving the release profile of a drug 
3 5 encapsulated within a biodegradable microsphere which 
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comprises incorporating a basic excipient into the 
biodegradable polymer to form a biodegradable polymer 
microsphere and encapsulating the drug within the 
microsphere . 

5 Another object of the present invention is to provide 

a method of delivering a drug to a patient which comprises 
encapsulating the drug in a biodegradable polymer 
microsphere comprising a biodegradable polymer and a basic 
excipient and administering the encapsulated drug to the 
10 patient. 

Detailed Descripti on of the Invention 

Presently, an immense amount of research is being 
focused on the development of controlled release dosage 
forms for parenterally administered protein drugs. One of 
15 the most promising approaches to achieve this goal is to 
microencapsulate the protein drug in injectable 
biodegradable polymer microspheres. Various biodegradable 
polymers have been developed. However, much of the 
research has focused on poly (L- lactic acid) and its 
20 copolymers with D-lactic acid or glycolic acid as these 

polymers provide a wide range of degradabilities and have a 
history of tissue compatibility. However, these polymers 
degrade into acidic end products. It has now been 
determined through intra-microsphere pH estimation studies 
25 that the low pH microenvironment from these acidic end 

products within a degrading microsphere is a major factor 
leading to drug instability. The present invention relates 
to modified biodegradable microspheres which minimize the 
degradation of drugs, and in particular proteins or 
30 peptides, encapsulated within the microsphere, by 
maintaining a near neutral pH environment within the 
degrading microsphere throughout its in vivo lifetime. A 
stabilization technique has now been established wherein a 
basic excipient such as sodium bicarbonate is incorporated 
35 into a polymer microsphere. This technique results in a 



WO 00/74709 



PCT/US00/14875 



-5- 

significant reduction in the covalent dimerization of an 
unreleased protein drug and an improved in vitro release 
profile for the drug. 

In initial experiments, porcine insulin encapsulated 
5 microspheres prepared from 50:50 DL-PLGA and L-PLA using 
both a Double-Emulsion-Solvent -Evaporation and Emulsion- - 
Solvent -Evaporation technique were subjected to in vitro 
release studies. The cumulative percent insulin released 
after a 30-day incubation period from various polyester 
10 microsphere formulations is shown in Table 1. 

Table 1: Cumulative Release of Porcine Insulin from 



Polyester Microspheres in 30 Days 



Polymer Type 


Fabrication 
Technique 


Cumulative % 
Released 
(Absolute Error) 


50:50 DL-PLGA 


Double - Emul s ion- 
Solvent - 
Evaporation 


6.1(1.7) 


50:50 DL-PLGA 


Emulsion-Solvent - 
Evaporation 


10.4 (2.0) 


L-PLA 


Double - Emulsion- 
Solvent - 
Evaporation 


11.0 (1.2) 


L-PLA 


Emul s ion- Sol vent 
Evaporation 


28.7 (5.4) 



The cumulative % released depicted in Table 1 represents 
20 the average value from replicate in vitro release studies. 
As is obvious from Table 1, the in vitro release profiles 
obtained from these studies exhibited an incomplete release 
of porcine insulin from all microsphere formulations over 
the time period investigated. 
25 Polyester microspheres degrade via random chain 

scission of ester linkage in the polymer backbone. The 
degradation process generates water soluble oligomers that 
leach out of the microspheres and contribute to a decrease 
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in medium pH. Accordingly, during the course of the 
release experiments, the pH of actual release media as well 
as unbuffered media containing identical amounts of placebo 
microspheres were monitored as an indicative parameter of 
5 polymer hydrolysis. pH-profiles of buffered release media 
• and unbuffered media containing various microsphere 
formulations during the 3 0 -day incubation period were 
generated. These pH profiles of in vitro release media 
indicated that the buffered environment maintains a 
10 relatively constant physiological pH, and a pH-drop occurs 
only after 20 days and 25 days of incubation period for 
release media containing porcine insulin encapsulated 50:50 
DL-PLGA and L-PLA microspheres respectively. Examination 
of the pH-profiles of unbuffered media containing placebo 
15 50:50 DL-PLGA and L-PLA microspheres indicated an initial 
pH-drop due to the release of residual acid contained in 
the polymer, followed by a period of stable pH associated 
with polymer hydration and a final phase of continuous pH- 
drop due to polymer breakdown. Microspheres fabricated 
20 with L-PLA on account of their greater hydrophobicity 

undergo hydrolysis at a much slower rate compared to 50:50 
DL-PLGA. After a 30-day incubation period, the pH of 
unbuffered media containing L-PLA microspheres dropped to a 
value of approximately 3.5, while the pH of unbuffered 
25 media containing 50:50 DL-PLGA microspheres dropped to 

approximately 2.7. Thus, a lack of polymer hydration and 
breakdown is not a contributing factor to the incomplete 
release of insulin from various microsphere formulations. 
In an attempt to identify the cause of incomplete 
3 0 release of insulin from microsphere formulations, the 
unreleased insulin after a 30-day incubation period was 
extracted and analyzed by reverse-phase as well as size 
exclusion HPLC. The results obtained from these studies 
are shown in Table 2 . 
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Covalent 
Insulin 
Dimer 

(Absolute 
Error) 


29.6 
(0.3) 


29.4 
(1.2) 


20.2 
(1.4) 


10.1 
(5.0) 


Insulin- 
Related 
Degradant 
RRt=1.23 
(Absolute 
Error) 


4.7 (0.6) 


3.3 (0.5) 


ND 


Q 


Insulin- 
Related 
Degradant 
RRt=1.18 
(Absolute 
Error) 


4.4 (0.2) 


5.0 (1.9) 


ND 


Q 


Insulin- 
Related 
Degradant 
RRtol.10 
(Absolute 
Error) 


ND 


ND 


5.0 (0.1) 


3.1 (0.5) 


A-21 
Desamido 
insulin 
(Absolute 
Error) 


9.9 (0.2) 


9.9 (0.6) 


11.7 
(0.5) 


3.5 (0.5) 


Unrelease 
d Insulin 
(Absolute 
Error) 


7.7 (0.5) 


12.6 
(1.5) 


14.2 
(1.8) 


8.2 (1.5) 


Fabrication 
Technique 


Double - 
Emulsion- 
Solvent 
Evaporation 


Emulsion- 
Solvent - 
Evaporation 


Double- 
Emulsion- 
Solvent- 
Evaporation 


Emulsion- 
Solvent - 
Evaporation 


Polymer 
Type 


50:50 
DL-PLGA 


50:50 
DL-PLGA 


L-PLA 


L-PLA 
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It was determined by reverse-phase HPLC that the unreleased 
insulin contained in 50:50 DL-PLGA microspheres degraded 
into at least three distinct degradation products eluting 
at relative retention times of 1.06, 1,18 and 1.23. The 
5 unreleased insulin contained in L-PLA microspheres was 
found to degrade into at least two distinct degradation 
products eluting at relative retention times of 1.06 and 
1.10. The peak eluting at a relative retention time of 
1.06 was confirmed to be A-21 monodesamido insulin by HPLC 

10 co-elution with an authentic sample prepared as described 
in the official monograph for Insulin Human in United 
States Pharmacoepia 23, Official Monograph for Insulin 
Human, 809-810 (1995) . Acid treatment (pH<2) of insulin has 
been previously established to yield as many as six 

15 transformation products due to the progressive liberation 
of ammonia from the six amide groups contained in the 
insulin molecule (Sundby, F. The Journal of Biological 
Chemistry 1962 237 (11) : 3406-3411) . Previous studies have 
also indicated that the local pH within PLGA microspheres 

20 is significantly lower than the medium pH as a result of 
trapped degradation products (Park et al . Journal of 
Controlled Release 1995 33:211-222). The peaks eluting at 
relative retention times of 1.10, 1.18 and 1.23 were thus 
designated as "Insulin-related degradants" formed by the 

25 loss of two or more amide groups from the insulin molecule. 
The relative percentages of unreleased insulin and insulin- 
related degradants formed within the microspheres were 
estimated based upon the total amount of insulin initially 
contained in the microsphere release samples by comparison 

30 of their peak area responses to a calibration curve of 
porcine insulin based on the assumption that deamidation 
does involve a chromophoric change. Size exclusion HPLC 
analyses of the unreleased insulin from various microsphere 
formulations indicated that a significant portion of the 

35 unreleased insulin had already undergone covalent 
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dimerization within the microspheres prior to release. The 
percentage of covalent dimer formed was estimated by Area 
Normalization technique based on the assumption that the 
molar absorptivity of the dimer is equivalent to two 
5 monomeric units. Comparison of the data presented in 
Tables 1 and 2 indicates a correlation between the 
cumulative percent insulin released in 3 0 days from various 
microsphere formulations and the extent of covalent dimer 
formed within these microspheres prior to release. In 
10 other words, the data suggest that a higher cumulative 

percent release of 28.7% from L-PLA microspheres fabricated 
using Emulsion- Solvent -Evaporation was in turn associated 
with a reduction in covalent dimerization (10. 1%) of the 
unreleased insulin. 
15 Since the low pH microenvironment within a microsphere 

undergoing hydrolysis was believed to be one of the major 
factors leading to protein degradation, further studies 
were designed to estimate the intra-microsphere pH-profile 
during the course of polymer hydrolysis. In order to 
2 0 estimate the gradual drop in intra-microsphere pH, acid- 
base indicators covering a wide pH transition range were 
encapsulated in 50:50 DL-PLGA microspheres and the 
microspheres were subjected to accelerated stability 
studies at 4 0°C and 75% relative humidity. The dye loaded 
25 microspheres were periodically inspected for color change 
caused due to the gradual drop in intramicrosphere pH as a 
result of polymer hydrolysis. For each indicator- 
encapsulated microsphere, the exact time point during the 
accelerated stability studies at which, the color of the 
3 0 alkaline form of the indicator was no longer visually 

perceptible (i.e., the color of the encapsulated indicator 
was visually perceptible as the acid color) , was recorded. 

A method to correlate this visual perception of acid 
color for each indicator encapsulated microsphere with a pH 
35 value was therefore devised. This was done by constructing 
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a pH-scale with an interval of 0,2 pH units using Standard 
USP buffer solutions of known pH values. The gradual color 
change of each indicator was visually inspected in a series 
of standard buffer solutions covering its pH transition 
5 interval, and the pH values at which the color of each 
indicator was visually perceptible to have completely 
transitioned to the acid color was recorded. These pH 
values were then correlated with the stability time points 
at which the corresponding indicators were visually 
10 perceived to have completely changed to the acid color 
within the microspheres. The intra-microsphere pH values 
estimated at various stability time points using this 
technique are tabulated in Table 3 . 
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An intra-microsphere pH-profile as a function of time under 
accelerated stability conditions was generated and showed 
that the intra-microsphere pH drops linearly (r 2 =0.999) 
until 576 hours followed by a steep drop in pH, probably as 
5 a result of adequate hydration of the polymer leading to 
its quick breakdown. The photomicrograph of 6 96 -hour 
stability sample of Orange IV encapsulated microspheres 
also indicated significant moisture uptake by the polymer. 
It was estimated from these studies that the pH environment 
10 within a microsphere exposed to accelerated stability 

conditions drops to a value of approximately 1.8 after 4 
weeks. These studies thus confirm that the low pH 
environment within the microspheres was one of the major 
factors responsible for the degradation of the encapsulated 
15 insulin. Since deamidation as well as covalent dimer 
formation proceed through a common cyclic anhydride 
intermediate, it was further believed that the low pH 
microenvironment coupled with the high concentration of 
trapped insulin within a microsphere undergoing hydrolysis 
20 promotes covalent dimerization of the unreleased insulin 
thereby leading to incomplete release profiles. 

Experiments were designed to determine whether a basic 
excipient such as sodium bicarbonate incorporated in a 
microsphere formulation would be capable of maintaining a 
25 near neutral pH environment by neutralizing the acids 
released during polymer hydrolysis. Since a high pH 
environment (>8) would result in a rapid increase in 
insulin degradation, the amount of base incorporated must 
be barely sufficient to neutralize acids released during 
30 polymer hydrolysis without causing an increase in the 
intra-microsphere pH. Accordingly, microspheres were 
fabricated using Emulsion-Solvent -Evaporation technique 
which employs both insulin as well as sodium bicarbonate in 
their crystalline form. This method enabled the sodium 
35 bicarbonate crystals embedded in the polymer to gradually 
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solubilize as the polymer underwent hydrolysis, thereby 
neutralizing the released acids. These microspheres were 
then subjected to in vitro release studies. The in vitro 
release kinetics of porcine insulin were significantly 
5 higher from microspheres containing sodium bicarbonate 
compared to microspheres prepared using identical 
fabrication technique excluding sodium bicarbonate. 
Specifically, cumulative percent insulin released in 3 0 
days for 50:50 DL-PLGA microspheres containing sodium 
10 bicarbonate was 47.3% compared to 10.4 % for microspheres 
containing no sodium bicarbonate. After a 30-day incubation 
period, the release study was terminated and the unreleased 
insulin was extracted and analyzed by reverse-phase HPLC 
and size exclusion HPLC. 
.5 Size exclusion HPLC analyses of the unreleased insulin 

from microspheres containing sodium bicarbonate indicated a 
significant reduction in covalent dimer formation compared 
to microspheres prepared excluding sodium bicarbonate. In 
fact, the inclusion of a basic excipient such as sodium 
0 bicarbonate as an additive in 50:50 DL-PLGA microspheres 
almost prevented the formation of covalent insulin dimer to 
only trace levels that could not be reliably quantitated. 
The total degradation into deamidated products was also 
reduced to only 7 . 1 % in the microsphere formulation 
5 containing sodium bicarbonate. 

Accordingly, the present invention relates to modified 
biodegradable microspheres for encapsulation of a drug 
which comprise a biodegradable polymer and a basic 
excipient. As demonstrated herein, the modified 
0 biodegradable microspheres are useful in stabilizing the 
encapsulated drug and in improving the release kinetics of 
the drug. Thus, the present invention also relates to a 
method of improving the release profile of a drug 
encapsulated within a biodegradable microsphere which 
5 comprises incorporating a basic excipient into the 
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biodegradable polymer matrix which encapsulates the drug 
and forms the microsphere. These modified biodegradable 
microspheres are particularly useful for protein or peptide 
drugs wherein controlled release formulations are 
5 especially desirable. In a preferred embodiment, the 
biodegradable polymer used in the present invention 
comprises poly (L- lactic acid) or one of its copolymers with 
D- lactic acid or glycolic acid. Pharmaceutically 
acceptable basic exipients for parenteral administration 
10 which can be incorporated into the polymer matrix for use 
in the present invention are well known in the art. 
Examples include, but are not limited, bicarbonates such as 
sodium bicarbonate and phosphate buffered saline. The 
amount of basic excipient to be incorporated into the 
15 polymer can be determined routinely by one of skill in the 
art based upon the ability of the excipient to neutralize 
acids released during polymer hydrolysis without causing an 
increase in the intra-microsphere pH. 

Also provided in the present invention is a method of 
2 0 delivering a drug, preferably a protein or peptide drug to 
a patient. In this method, the drug is first encapsulated 
in a biodegradable polymer microsphere comprising a 
biodegradable polymer and a basic excipient. Methods for 
encapsulating drugs, and in particular proteins, are well 
25 known in the art. Examples of well known encapsulation 
techniques include, but are not limited to, the Double- 
Emulsion-Solvent-Evaporation and Emul s ion -Sol vent - 
Evaporation techniques described herein, low- temperature 
phase separation, emulsion phase separation, prilling and 
30 spray drying. The encapsulated drug is then administered 
to the patient preferably via a parenteral route such as 
intravenously, intramuscularly or subcutaneous ly. The 
following nonlimiting examples are provided to further 
illustrate the present invention. 
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EXAMPLES 

Example 1: Materials 

Poly (D,L-lactic acid-co-glycolic acid) 50:50 inherent 
viscosity approximately 0.5 (RESOMER RG5 04) and Poly(L- 
5 lactic acid) molecular weight 2000 (RESOMER L104) were 
obtained from Boehringer Ingelheim Chemicals Inc. 
(Montvale, NJ) . Polyvinyl alcohol, average molecular weight 
30,000-70,000 was obtained from Sigma Chemical Company (St. 
Louis, MO) . Crystalline porcine insulin was obtained from 
10 Eli Lilly and Company (Indianapolis, IN) . All other 

buffering agents and chemicals used were reagent grade. 
All solvents used for analysis were high-performance liquid 
chromatography (HPLC) grade and distilled water was 
purified to the 18 megaohm resistivity level by filtering 
15 through a Millipore Milli-Q water filtration system. 
Example 2 : Microsphere Preparation 

Porcine insulin encapsulated 50:50 DL-PLGA and L-PLA 
microspheres were prepared using two different techniques, 
namely Double -Emulsion -Solvent Evaporation as described by 
20 Soriano et al . International Journal of Pharmaceutics 1996 
142:135-142 and Emulsion-Solvent-Evaporation as described 
by Kwong et al . J. Control Release 1986 4:47-62. 

In the Double-Emulsion-Solvent-Evaporation Method: 
porcine insulin (20 ± 2 mg) was accurately weighed and 
25 dissolved in 100 /il of 30 % aqueous glacial acetic acid 

solution. About 600 ± 20 mg of the polymer 50:50 DL-PLGA or 
L-PLA was accurately weighed and dissolved in either 3 ml 
or 1 ml of methylene chloride respectively depending on the 
polymer being used. The insulin solution was then slowly 
3 0 poured into the polymer solution dropwise and the resulting 
mixture was vortexed for 2 minutes using a touch mixer to 
form the first inner emulsion (w 1 /o) . The first emulsion was 
then poured, to 2 00 ml of a rapidly stirred aqueous 
solution of 1 % Polyvinyl alcohol to form the second 
35 emulsion (w 1 /o/w 2 ) . The emulsion was continuously stirred 
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using a plate stirrer for 2 hours to allow the methylene 
chloride to evaporate. The microspheres were collected by 
decanting the supernatant and dried in an evacuated 
dessicator in the presence of phosphorus pentoxide. The 
5 dried microspheres were then sieved through a 590 P opening 
sieve and weighed to determine the yield. The decanted 
supernatant was assayed to determine the amount of 
unentrapped insulin. 

In the Emulsion-Solvent -Evaporation Method about 600 ± 
10 20 mg of the polymer 50:50 DLPLGA or L-PLA was accurately 
weighed and dissolved in either 6 ml or 1 ml of methylene 
chloride respectively depending on the polymer being used. 
About 20 ± 2 mg of porcine insulin crystals was accurately 
weighed and suspended in the polymer solution. The 
15 suspension was vortexed for 2 minutes using a touch mixer 
to form a homogenous suspension of insulin crystals in the 
polymer solution. The resulting suspension was then added 
to 200 ml of a rapidly stirred aqueous solution of 2 % 
Polyvinyl alcohol to form (o/w) emulsion and continued in a 
20 similar fashion as the Double -Emulsion -Solvent Evaporation 
method. 

Example 3: In Vi tro Release Study 

Insulin release was measured by placing 20 ± 0.5 mg of 
microspheres in microcentrifuge tubes containing 1 ml of 

25 release medium (isotonic phosphate buffered saline, pH 7.4 
containing 0.02 % sodium azide as a bacteriostatic agent 
and 0.001 % TWEEN-85 as a surfactant to prevent the 
microspheres from forming clumps) . The tubes were placed 
in a shaking water bath at 3 7 °C at a speed of 4 5 rpm. The 

3 0 tubes were centrifuged at periodic time intervals and 200 
Ml aliquots were withdrawn and replaced with fresh medium. 
The insulin released was analyzed by reverse phase HPLC. 
The pH of the release medium was periodically monitored 
during the entire course of the release study. In 

35 addition, the pH of unbuffered medium containing an 



WO GO/74709 



PCT/USOO/14875 



identical amount of placebo microspheres was also monitored 
at periodic intervals and used as an indicative parameter 
of polymer hydrolysis. At the conclusion of the release 
study, the unreleased insulin within the microspheres was 
5 extracted by dissolving the polymer in 400 /zl of 

acetonitrile and subsequently extracting the encapsulated 
insulin in the buffer component of the highperf ormance 
liquid chromatography mobile phase (0.25 N phosphoric acid 
adjusted to pH 2.4 with triethylamine) used for reverse- 
10 phase analyses. The samples were then analyzed by reverse- 
phase as well as size exclusion chromatography. 
Example 4 : HPLC Analyses 

Insulin and related substances were analyzed using a 
reverse phase gradient HPLC method employing a C-18 
15 Symmetry column, 5 fim, 100 A, 150 X 3 . 9 mm (Waters 

Corporation, Mil ford, MA) . The mobile phase consisted of 
Acetonitrile: 0 .25 N Phosphoric acid, pH adjusted to 2.4 
with Triethyl amine. A gradient from 22% to 3 0% 
Acetonitrile in 25 minutes at a flow rate of 1 ml/minute 
2 0 was used. The detector was set at a wavelength of 210 nm 
and an injection volume of 2 0 jjlI was employed. The related 
substances peak areas were compared against a calibration 
curve of insulin standards. 

A size exclusion HPLC method consisting of an Insulin 
25 HMWP column, 7.8 X 300 mm (Waters Corporation, Milford, MA) 
was used to determine the percentage of covalent insulin 
dimer and high molecular weight transformation products. 
The mobile phase consisted of 0.1% L-Arginine in 
water :Glacial acetic acid : Acetonitrile (65:15:20) at a flow 
30 rate of 0.5 ml/minute. The detector was set at a wavelength 
of 275 nm and an injection volume of 100 /zl was employed. 
Example 5: Intra -Microsphere pH Estimation Study 

The gradual pH-drop inside degrading 50:50 DL-PLGA 
microspheres was estimated by encapsulating acid-base 
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indicators covering a wide range of pH- transition intervals 
to serve as pH- indicating probes. 

50:50 DL-PLGA microspheres encapsulating a wide range 
of acid-base indicators (Bromothyraol Blue, Bromocresol 
5 Purple, Bromocresol Green, Bromophenol Blue, Orange IV and 
Crystal Violet) at a theoretical loading level of -0.7 % 
were prepared using the Double-Emulsion-Solvent-Evaporation 
method. Specifically, about 4 ± 0.5 mg of acid-base 
indicator was accurately weighed and dissolved in 100 fil of 
10 water . Indicators which were sparingly water-soluble 

(Bromothymol Blue, Bromocresol Purple, Bromocresol Green) 
were first dissolved in 50 /il of 0.01 N sodium hydroxide 
followed by the addition of 50 fil of water. About 600 ± 20 
mg of 50:50 DL-PLGA was accurately weighed and dissolved in 
15 3 ml of methylene chloride. The indicator solution was 
then slowly poured into the polymer solution dropwise and 
the resulting mixture was vortexed for 2 minutes using a 
touch mixer to form the first inner emulsion (w x /o) . 
Microspheres were then fabricated in an identical manner as 
20 described in Example 2. 

Studies were designed to estimate the intra- 
microsphere pH at various time-points during the course of 
polymer hydrolysis by subjecting a range of acid-base 
indicator encapsulated microspheres to accelerated 
25 stability conditions, i.e., 40°C and 75% relative humidity. 
The dye loaded microspheres were then periodically 
inspected visually for color change and for each indicator- 
encapsulated microsphere, the exact time point during the 
accelerated stability studies at which, the color of the 
alkaline form of the indicator was no longer visually 
perceptible (i.e., the color of the encapsulated indicator 
was visually perceptible as the acid color), was recorded. 
The visually observed gradual color change of the indicator 
encapsulated microspheres at various stability time points 
was confirmed by placing a specimen of the microsphere 
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sample on a glass slide and observing under a stereoscopic 
microscope. The microspheres were photographed with the 
attached polaroid camera using Polacolor ER Instant Films. 
A pH- scale was devised by preparing a series of 
5 Standard USP Buffers (Hydrochloric Acid Buffer, Acid 
Phthalate Buffer, Neutralized Phthalate Buffer and 
Phosphate Buffer as described in United States Pharmacoepia 
23, General Chapters, Composition of Standard Buffer 
Solutions, pp. 2049-2050 (1995)) of known pH values at 
10 intervals of 0.2 pH units. The actual pH values of these 
buffers were measured and recorded. For each indicator 
included in the study, a series of buffers at intervals of 
0.2 pH units covering the pH transition interval of the 
indicator under investigation was chosen. A 0.1% aqueous 
15 solution of each indicator was added to the corresponding 
standard buffer solutions covering its pH transition 
interval, and the color change was visually inspected. The 
pH values of the buffers at which the color of each 
indicator could be visually perceptible to have 
20 transitioned completely to the acid color was recorded. 
Intra-microsphere pH at various stability time points was 
then estimated by correlating the pH values of standard 
buffer solutions at which point each indicator completely 
transitioned to the acid color with the stability time 
25 point at which only acid color was visually perceptible 
within the microspheres based on the assumption that two 
solutions of the same color tone (in this case, acid color) 
have equal pH. 

Example 6: Preparation of Porcine Insulin Microspheres 

30 Containing Sodium Bicarbonate 

Porcine insulin microspheres with a theoretical 
insulin loading of approximately 3.2% containing sodium 
bicarbonate (theoretical loading level of 7.7%) were 
prepared using the Emulsion-Solvent-Evaporation method. In 
35 this method about 600 ± 20 mg of the 50:50 DL-PLGA was 
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accurately weighed and dissolved in 6 ml of methylene 
chloride. About 20 ± 2 mg of crystalline porcine insulin 
and 52 + 5 mg of sodium bicarbonate were accurately 
weighed, powdered and mixed to form a homogenous mixture. 
5 The mixture was suspended in the polymer solution and 
vortexed for 2 minutes using a touch mixer to form a 
homogenous suspension. Microspheres were then fabricated 
in an identical manner as described in Example 2. The 
loading level of sodium bicarbonate was based upon the 
10 maximum solid that could be physically suspended in the 
polymer solution to still render it adequately pourable. 



